This study mentions Hartley-Ross type unbiased ratio estimators of the finite population mean in the stratified random sampling using the auxiliary variable. We propose a class of unbiased estimators using the estimators in Kadilar and Cingi [5], [6] . We derive the variance equations, up to the first degree of approximation, for all proposed estimators. The proposed estimators have been compared with the mentioned estimators in theory. Finally, we also demonstrate theoretical findings by the support of numerical illustrations.
Introduction and Notations
In the simple random sampling, Hartley and Ross [3] first defined the unbiased ratio estimator. Then, the unbiased ratio estimators in the stratified random sampling were presented by Pascual [10] . Singh et al. [11] and Kadilar and Cekim [4] proposed Hartley-Ross type unbiased estimators for the simple random sampling using various auxiliary information. Recently, Khan and Shabbir [7] , [8] and Khan et al. [9] have also suggested several Hartley-Ross type unbiased estimators under the ranked set sampling and the stratified ranked set sampling.
A finite population U = (U 1 , U 2 , ..., U N ) of size N is assumed that the population of N units be divided into L strata with N h elements in the h−th stratum (h = 1, 2, ..., L). Let n h be the size of the sample drawn by using the Simple Random Sampling without Replacement from a population of size N h . Suppose that values y hi and x hi be on the study and auxiliary variables in the stratum h, respectively, where i = 1, 2, ..., n h . Let the h−th stratum sample means be
x hi , respectively. Let the stratified mean estimator for y and x be , respectively,
Here W h = (N h /N ) is the known stratum weight. The population means of the study and auxiliary variables are supposed that
The well-known ratio estimator of the population mean, Y , is given by Cochran [1] as
where r = y x . Later, the bias of this estimator is estimated unbiasedly by Hartley and Ross [3] as
and they obtain the unbiased ratio estimator
for the population mean in the simple random sampling. Kadilar and Cingi [5] , [6] define some estimators using the coefficient of kurtosis (β 2 ) and the coefficient of variation (C x ) of the auxiliary variable under the stratified random sampling as
where
and k is a constant that makes the mean squared error (MSE) of t 5 minimum.
The biases of the estimators, in (1.3)-(1.7), are obtained, to the first degree of approximation, respectively, as follows:
and
Proposed Estimators
We improve Hartley-Ross estimators using the proposed estimators by Kadilar and Cingi [5] , [6] with their unbiased biases, and in this way, we obtain the following estimators:
where y st and s yxh are unbiased estimators of Y st and S yx , respectively. To obtain the variance of the suggested estimators, we define
such that
, and
We express the proposed estimators y N ewi , i = 1, 2, ..., 5 with regard to ϑ's as:
, and w = XC x st X S4 .
In this way, we obtain the variance equations of the proposed estimators that are given in (2.1)-(2.5), respectively, as follows:
Note that the term of γ 3 h is ignored, because it is equal to approximately zero. For minimizing the variance, given in (2.7), we obtain the optimum value of k by
Replacing this optimum value in (2.7), to make the V (y N ew5 ) minimum, we get
Efficiency Comparisons
In this section, we compare proposed unbiased estimators given in (2.1)-(2.5), with the mentioned estimators, given in (1.3)-(1.7) . Firstly, comparing the variance of the proposed estimators in (2.6) with the MSE of the estimators given in Kadilar and Cingi [5] , we have the following inequality
Secondly, comparing the variance of the proposed estimator in (2.7) with the MSE of the estimators given in Kadilar and Cingi [6] , we have
Finally, we also compare the minimum variance of the proposed estimator in (2.9) with the minimum MSE of the estimators given in Kadilar and Cingi [6] . For this reason, it can be written as
where the optimum value of k * is
If the conditions (3.1)-(3.3) are satisfied, the proposed estimators are more efficient than the mentioned estimators t i , i = 1, 2, ..., 5, under the determined conditions.
Empirical Study
To show the merits of the proposed estimators among the other estimators, two data sets previously used by Kadilar and Cingi [5] and Cingi et al. [2] are considered. First data set consists of 854 districts in Turkey. Summaries of the Population I are shown in Table 1 . The sample sizes of each stratum are selected with the help of the Neyman allocation method for two data sets. From Table 3 , we infer that proposed estimators have the smaller MSE values than the corresponding estimators in literature, and therefore, the proposed estimators are more efficient than the estimators existed in literature for two population data sets I and II. 
Conclusion
In this article, we study on the estimators given by Kadilar and Cingi [5] , [6] to obtain the unbiased estimation of the population mean in the stratified random sampling. Both the theoretical and empirical results show that the suggested unbiased estimators have smaller variance values than the compared estimators under the determined conditions. Moreover, the results in Table 3 clearly indicate that the suggested estimator of y N ew5 is the best estimator for the data sets used in Section 4.
